of the phenol-red pH indicator. Upon transfection of
The acidification of cell culture media is associated (H 183 FEnv), culture medium did not readily become acidic, and harbored red tones for several days postwith the extracellular accumulation of lactate (Warburg, 1956 ). Lactate is the major byproduct of anaerobic glytransfection ( Figure 1A) . Moreover, expression of truncated soluble HTLV RBD proteins fused with either colysis in vitro and its excretion is mediated by an H ϩ / lactate symporter (Halestrap and Price, 1999). We moni-EGFP, an influenza hemagglutinin peptide tag (HA), or a rabbit immunoglobulin fragment (rFc) also inhibited tored lactate content in culture supernatants following transfection of various retroviral envelopes and RBD. medium acidification (not shown). In contrast, envelope constructs that lacked HTLV RBD did not have this efExtracellular lactate production was consistently 3-fold lower in H 183 FEnv-and HTLV RBD-transfected cells than fect, including different MLV group envelopes, feline, porcine, lentiviral, and Jaagsiekte retroviral Env, as well in control-or MLV Env-transfected cells ( Figure 1B) . This difference was detected as early as 4 hr after the as VSVG and Ebola glycoproteins (not shown). Syncytium formation was not in itself responsible for this efaddition of fresh media (not shown). Moreover, this decrease in extracellular lactate production after HTLV fect; medium acidification was observed in cells expressing a syncytial amphotropic-MLV (A-MLV ⌬R) Env RBD transfection was DNA dose dependent (not shown).
To examine whether there is a direct relationship be-( Figure 1A) , and was blocked when HTLV Env was ex-tween binding of the HTLV envelope receptor and the subsequent diminution in extracellular lactate production and acidification, we used HTLV RBD mutants with impaired receptor binding capacities. For this purpose, mutations resulting in single alanine substitutions were introduced in H1 RBD , at either the D106 or Y114 positions, both of which are highly conserved among primate T-lymphotropic viruses (F.J.K., unpublished observations). D106A and Y114A RBD mutants exhibited significantly reduced (D106A) or non-detectable (Y114A) binding to the HTLV receptor as monitored by FACS analysis ( Figure 1C lation, expression of the HTLV RBD also led to decreased intracellular lactate content (not shown), indicative of metabolic alterations upstream of lactate transport. In ble to the decrease observed when glucose uptake was inhibited by cytochalasin B and phloretin. The envelopecell cultures, lactate production results from the degradation of glucose during anaerobic glycolysis. Theremediated inhibition was specific to HTLV, since the A-MLV RBD (A RBD ) control envelope had only a minor fore, we assessed whether the decreased accumulation of lactate observed upon expression of HTLV RBD was effect on glucose uptake. Moreover, the inhibitory effect of HTLV envelopes was specific to glucose uptake, since linked to glucose metabolism. We measured glucose consumption as an indicator of the rate of glycolysis.
3-O-methylglucose transport was similarly inhibited (not shown) whereas fructose uptake was not altered by the Glucose consumption of cells expressing an HTLV RBD within the context of the H 183 FEnv entire envelope or the presence of either HTLV-1 or HTLV-2 RBD ( Figure 1F ). The decrease in glucose transport was likely due to tagged H1 RBD was significantly decreased as compared to that of control cells ( Figure 1E ) and this defect was the steady state expression of the HTLV RBD following transfection, as the level of the secreted RBD was insufdetected as early as 8 hr post-transfection (not shown). Notably, the transfection efficiencies in the experiments ficient to modulate glucose metabolism. We next evaluated the effect of glucose deprivation ranged from 80%-95% (not shown).
We Figure 6D ). These results confirmed the specific GLUT-1 by siRNAs, and overexpression of ectopic GLUT-1 following transfection were directly verified in relationship between HTLV receptor availability and GLUT-1 expression. these different cell culture conditions by immunoblotting with an anti-GLUT-1 polyclonal antibody ( Figure 7D ). In the third model, we used siRNAs directed against the GLUT-1 3ЈUTR to specifically down-modulate enAltogether, these data demonstrate that HTLV envelopemediated viral entry occurs through a direct interaction dogenous GLUT-1 expression. Transfection of those GLUT-1 siRNAs led to a concomitant decrease in HTLV with GLUT-1. 
Discussion
Here we show that the HTLV-1 and -2 receptor binding domains physically associate with the glucose transporter GLUT-1. This interaction strongly inhibited glucose uptake and consumption, leading to decreased 
